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(54) Gas sensors 

(57) A gas sensor suitable for use in 
gases and gaseous mixtures includes a 
gas sensitive material (1 ) which is 
capable of exhibiting a response in the 
form of an increase or a decrease in an 
electrical property of the material in the 
presence of a first gas and which is 
capable of exhibiting an opposite 
response in the presence of a second 
gas. A pair of electrodes (2), (3) may be 
provided in contact with the material (1) 
and the resistance, capacitance and or 
impedance of the material (1) 
measured. Various gas sensitive 
materials of various oxides are 
disclosed together with their response 
to various gases. 
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SPECIFICATION 



Improvements in or relating to sensors 

5 re ' ateS t0 SenSOrS m ° re Part,CU,8r,y 10 sensors suitab,B fo ' «• ^ gases and 5 

According to one aspect of the present invention there is provided a sensor suitable for in * ™ 

ofTh^^" WhiCH S8n r i nC ' UdeS 3 938 Sensitive material < as i^S^SSSRSI capable 
of exh.brt.ng a response m the form of an increase or a decrease in an electrical property^ o the iSterial 

10 1 ° f ' ^ " C3Pab,e ° f eXhibiting a " °PP° site M PresenoTof 10 

It will be appreciated that "opposite response" as used in this Specification means that the rest*,,^ of 
he matenal ,n the presence of the second gas is in the opposite sense to th respons of t£ XriaTfo 
the presence of the first gas; thus, for example, if the material exhibits an increase Z a e S P "o^ 
15 ^ZtsZZ 0 ::^ * Sh ° W 3 d6CreaSe a " *«*- »°~« in the preTce'ofThe 15 
In one embodiment of the present invention the gas sensitive material is provided with two or more 
electrodes ,n communication with the said gas sensitive material and said gas sensitive materia iTar 
ranged so as to be capable of being contacted with a gas or gaseous mixture ar 
20 A sensor in accordance with the present invention may by used as a gas sensor in Quantitative ,„ 
qualitative determinations with gases and gaseous mixtures quantitative and/or 2 0 

The gas sensitive material may be chosen, for example, so as to give a response in the presence of a 

™TJL S 8 w a " °T S - te J^ 0 " 86 in a " 0ther gases lite, y t0 be encountered in a given StuTtfon 
25 mJewST communicati °" with the gas sensitive material by being "in conSS 

In this Specification the term "gas" embraces a gas as such and any material which may be oresent in 25 
a gaseous phase, one example of which is a vapour. V present ln 

iJ^JZ? SCnSitiVe ma terial m ay be chosen for example so as to give a sensor suitable for discriminat- 
30 Z^Z a otter"' 93863 DV bei " 9 CaPab ' e ° f eXhibitin9 3 reSPO " Se in °" e a " d a " wSSST 

Also, it will be appreciated that in this Specification the term "gas sensitive material" means a material 3 ° 
which is gas (including vapour) sensitive in respect of an electrical property of the material 
It will be appreciated that the resistance and/or capacitance and/or impedance of the gas sensitive ma- 
, c EtfT!? UP ° n T 938 * 9aSe0US miXtUre COntactin 9 tne 8 as sensitive ^«erial. j1,us by measu " 
35 tt^^ttSZ?" imPedanCe ° f SenSibVe materia ' ^ - m Sn U o r f 35 

tJS£? 8 ifT and / or capacitance and/or impedance of the gas sensitive material tends also to be 
temperature dependant, the sensor also preferably includes a temperature sensing means 
The sensor may also, optionally, include a heating means to enable operating temperature to be ad- 
40 justed and/or contaminants to be burnt off if required. temperature to De ad- 

It Is to be understood that the sensitivity of a gas sensitive material may depend upon the composition 
of the gas sensitive material. Thus, by selection of the composition of the gas sensitive mrt^teS 
sponse to a particular gas or gases may be chosen. material its re- 

Examples of gas sensitive materials which may be used to give a response in the presence of a first 
45 gas and an opposite response in the presence of a second gas are presence ot a first 

WNbjOe, BaTiO* LiFeSnO„ KTaWOe, 45 
Ba,Ti a Nb„ Oa.Ba.FeNbeO,,, FeMoO«, 
BaSn^r^Oa, TiNbaO,, 
CuNb^BaSn^AluC 
50ZrO 1 (3mole%Y 2 OJ. 

Ca a ,La a9 Fe03. BaTi^Sn^Oj, 50 
BaSn^Ce^Oj. 

The resistance and/or conductance and/or impedance may be measured directly. Alternatively the 
^t™^?,^ b8 ,!f m ^ ° Ut indireCt ' y * incor P°rating the sensor in a feedback circu S3 a osci.la- 
55 to such thatthe tjscillator frequently varies with composition of the gas or gaseous mixture Gas comoo- ss 

ZSS'l'Z de T5 e ; US L n9 K an e,eCtr ° niC coM - ^ si ° nal thus Produced rntyTa used ?o P 

lttZEf£T * transmit,ed over a distence (e - 9, * telemetrv or as a pu,se traln 

eotio^are H 6 aH 9a ^ W co% ha r e H h rT S6nSOr in «*"*»•«» with the present inven- 

60 oon are "» NH * cr -»» 0„ CjHe, CH«, CO, Cl„ NO„ SO, and H,S. gn 

n^ct? t0 3n0ther aspect . of *• P resent inven «°n there is provided a method for effecting determi- 
ne TnH 938 ° r 9 r e °^ S m,X,Ure C ° mprises contactin 9 a sensor with the gas or gaseous m™ 
ture and measuring the electrical response of the sensor, said sensor including a gas sensitive material 

K^fl™^ .°f."*' bWn 8 a res P° nse in thafo ™ of an increase or a decrease in an elS^l prop- 

65 erty of the matenal ,n the presence of a first gas and which is capable of exhibiting an opposi ™ response 65 
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in the presence of a second gas. 

In one embodiment of the immediately preceding aspect of the present invention the gas sensitive ma- 
terial (as hereinbefore defined), has two or more electrodes in communication with the said gas sensitive 
material, and the gas sensitive material and the electrodes are in contact with the same gas or gaseous 
5 mixture. 5 

It is preferred that the gas sensitive material has porosity to give a satisfactory surface area for contact 
with a gas or gaseous mixture when in use. 

The gas sensitive material may, for example, be prepared from a mixture of powders of appropriate 
starting materials. 

10 it will be understood that ''appropriate starting materials" in this Specification means materials which rj 
can be processed to give the required gas sensitive material (e.g. where the gas sensitive material is to 
contain certain elements such as Ba, Sn and Nb appropriate starting materials may be powdered com- 
pounds of Ba, Sn and Nb. Oxides and oxide precursors are examples of materials from which the gas 
sensitive material may be prepared. The oxides or oxide precursors may be, for example, of laboratory 
15 reagent grade. Examples of oxide precursors are carbonates, nitrates, oxalates and acetates that may be 5 
converted to the corresponding oxide. 

Oxides and oxide precursors may optionally be prepared by a gel process such as a sol-gel process or 
a gel precipitation process. 
In preparing the gas sensitive material, by way of example, finely ground powders of the appropriate 
20 starting materials in appropriate proportions (i.e. in proportions appropriate to the desired composition q 
of the desired gas sensitive material) may be thoroughly mixed in suspension (e.g. in acetone) by using a 
mill apparatus in which materials are ground, mixed and dispensed (e.g. by use of small alumina ceramic 
balls agitated in a steel pot by a steel blade). 
Mixing time and speed may be minimised to avoid unnecessary contamination of the starting mate- 
25 rials. 5 
After mixing the resulting powder mixture may be dried and calcined (e.g. for — 16 hours) at a tempera- 
ture in the range 700 - 1300° (conveniently - 800°C or - 1200°C) depending upon the melting temperature of 
the starting materials or the particular composition of gas sensitive material being prepared. 
The product resulting from calcination, which may be in the form of a cake, may be ground as required 
30 to give a fine powder, (rf required, grinding and calcination may be repeated several times in order to to 
obtain a more fully reacted product powder). 

Subsequently the fine powder may be pressed (e.g. with the optional addition of a binder, such as a 
solution of starch or PVA) into any suitable shape (e.g. a pellet). 
The pressing may be followed by firing (e.g. at the same temperature as the calcination step(s) de- 
35 scribed above, or at a somewhat higher temperature, for - 16 hours). 35 
In addition to assisting binding the powder into the desired shape the binder also bums out during the 
firing stage and may give rise to porosity. 

As an alternative to mixing powders in suspension a powder mixture for subsequent calcination may 
be prepared, for example, by spray drying a solution (e.g. an aqueous solution) of appropriate starting 
40 materials (e.g. metal oxalates, metal acetates or metal nitrates) in appropriate proportions. 40 
Electrodes may be applied to the gas sensitive material once prepared in any suitable manner. For 
example, electrodes (e.g. gold electrodes) may be applied by means of screen printing or sputtering. 

Alternatively to preparing a sensor by forming a pellet and applying electrodes as disclosed above, a 
sensor in accordance with the present invention may be formed in any suitable manner. Thus, for exam- 
45 pie, a parallel plate configuration may be fabricated by applying a first electrode (e.g. of gold) to an insu- 45 
lating substrate (e.g. by screen printing or sputtering), forming a gas sensitive material layer covering at 
least a portion of the first electrode (e.g. by deposition, for example by screen printing or doctor-blading, 
from a suspension or a colloidal dispersion and firing at a temperature in the range 450 - 950°C to pro- 
mote adhesion and mechanical integrity) and forming a second electrode (e.g. of gold) on the gas sensi- 
50 tive material layer (e.g. by screen printing or sputtering). 50 
The second electrode is preferably permeable to facilitate access of gas or gaseous mixture in which 
the sensor is to be used to the gas sensitive material layer. 

By way of further example, a coplanar configuration can be used in the preparation of a sensor in 
accordance with the present invention. 
55 In such a coplanar configuration intend ig itated electrodes (e.g. of gold) may be formed on an insulating 55 
substrate (e.g. by screen printing, or by sputtering, or by photolithography and etching). The interdigi- 
tated electrodes are subsequently covered with a gas sensitive material layer (e.g. by means of deposi- 
tion, for example by screen printing or doctor-blading, from a suspension or a colloidal dispersion) and 
firing at a temperature in the range of 450 - 950°C to promote adhesion and mechanical integrity. 
60 Sensors in accordance with the present invention fabricated in a coplanar configuration may include 60 
another layer or layers interposed between the gas sensitive material layer and the electrodes. By way of 
example, an interposed layer may be a layer of a dielectric material, or a layer for promoting adhesion of 
the gas sensitive material (e.g. a layer of glass material or a layer fabricated from a powder prepared 
from a gel). By way of further example, a layer for promoting adhesion may be interposed between a 
65 dielectric layer and the gas sensitive material layer. 65 



GB 2 166 247 A 



By way of further example, sensors in accordance with the present invention may be fabricated bv 
SSSi TelZTTT^Zr^^r of a "V '"'table configuration" for Ixarn^e those 
mow^f a * I ° f WaPder tracks " wav of V* furtner example, a gas sensitive material laver 
5 SnedT^ 0nt ° 3 Semi - Conductor devica such - ^ «- effect fransiSor. MOS c^pSr or'S- 

The present invention will now be further described with reference to Table I which gives Examoles of 

s?r^ between 9 ° ,d f ° iis * * I Tub ^. ^jjs 

stream (of chosen composition) while electrical measurements were made 9 

Also in the case of the Examples listed in Table I in each case the gas sensitive material was oreoared 
by mixing appropriate finely ground starting materials in suspension in acetone!n a S\ cSS^SSL 

firing for - 16 hours (at a preferred temperature in the range 800°C to 1000°C) to give pellets. 



10 



15 



20 



25 



35 



40 



50 



55 



Gas Sensitive 
Materia/ 



WNbA 
BaTi0 3 



30 LiFeSn0 4 
KTaW0 6 



Ba 6 Ti 2 Nb03o 
BaJFeN^Oao 
FeMo0 4 

BaSnzaCr^OeJSnOa) 
BaSn^l^OaJSnOJ 
Zr0 2 Mo YaOJ 



Ca^i La (xaFe0 3 
60 TiNbA 



TABLE 1 : 

Gases in which 
resistance 



H a ,C 2 H«,NH3 
NH 3 

CO, 

red 0 2# CH4,CO, 
H^CO^f^h^ 

CI^H^C^H^ 

NH 3 

C^NO^SO* 

HS 

H 2 ,NH 3 

red 0 2t H^C0 2t 
C.H,, NH 3 
red O^CH^H,, 

H * 
NH 3 

tt),H l ,C l H 4 ,NH ar 
Cl 2 



Gases in which Sensor 
resistance Operating 
increases Temp {°Q 



CH 4 

CH^CO* 
C2H 4 

red 0 2 ,CO 
NH 3 

ci 2 
co 2 

CO 
CO 

red O^CH^ 
CO, C0 2 
red 0 2f C0 2 
C.Ha 



500 
500 

500 
200 

500 

500 

200 
500 

500 

500 

500 
500 
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TABLE 1 (continued) . 

Gas Sensitive Gases in which Gases in which Sensor 

Material resistance resistance Operating 

5 decreases increases Temp CC) 

CuNb.Oa H 2 AH*NH„ Cl a 500 

C3He,S0 2 ,H 2 S 

10 BaTi^naoA NH 3 CH. H 2 , 500 



10 



15 BaSn^CeoaOa NH a CH^CO, 500 15 

CjH* red 0 2 

20 The present invention will now be further described, by way of example only, with reference to the 2 0 
accompanying drawings in which: 

Figure 1 is a diagrammatic representation of one form of sensor in accordance with the present inven- 
tion; 

Figure 2 and Figure 2a represent diagrammaticaliy a parallel plate sensor in accordance with the pres- 
25 ent invention and a partially completed parallel plate sensor respectively; 25 
Figure 3 is a diagrammatic representation of a coplanar sensor in accordance with the present inven- 
tion; 

Figure 4 is a diagrammatic representation of a further form of sensor in accordance with the present 

invention; . . . 

30 Figure 5 is the response, in terms of resistance at IKHz and time, of a sensor of the form used in the 30 
Examples given in Table I at approximately 500°C with the gases and gaseous mixtures indicated using 
WNbA, as the gas sensitive material; 

Figure 6 is the response, in terms of resistance at IKHz and time, of a sensor of the form used in the 
Examples given in Table I at - 500°C with the gases and gaseous mixtures indicated using BaTi0 3 as the 
35 gas sensitive material; 35 

Figure 7 is the response, in terms of resistance at 10 KHz and time, of a sensor of the form used in the 
Examples given in Table I at approximately 500°C with the gases indicated (in air) using BaeTysibaOao as 
the gas sensitive material. 

Figure 8 is the response, in terms of resistance at 10 KHz and time, of a sensor of the form used in the 
40 Examples given in Table I at approximately 500°C with the gas indicated (in air) using BaeFeNtxAa, as the 40 
gas sensitive material; ... 

Figure 9 is the response, in terms of resistance at 1KHz and time, of a sensor of the form used in the 
Examples given in Table I at approximately 200°C with the gas indicated (in air) using FeMo0 4 as the gas 
sensitive material; ... 
45 Figure 10 is the response, in terms of resistance at IKHz and time, of a sensor of the form used in the 45 
Examples given in Table I at approximately 500°C with the gas indicated (in air) using BaSr^Cr^,, (x- 
ray) main phase Sn0 2 ) and 

Figure 11 is the response, in terms of resistance used in the Examples given in Table I at approxi- 
mately 500°C with the gas indicated using Ca^La^eO* 
50 Referring now to Figure 1 of the drawings there is shown a sensor comprising a gas sensitive material 50 
1 and, in contact with the gas sensitive material 1 gold electrodes 2 and 3. (The gas sensitive material 
may be carried by a substrate (e.g. of alumina) (not shown)). 

Conductors 4 and 5 are provided to connect the electrodes 2 and 3 respectively to electrical measuring 
means 6 for measuring the resistance and/or capacitance and/or impedance of the gas sensitive material 

55 1- ... . - 55 

In operation a gas or gaseous mixture is contacted with the gas sensitive material 1. 
The resistance and/or capacitance and or impedance is measured by the electrical measuring means 6. 
Changes in the composition of the gas or gaseous mixture which result in a change of resistance and/or 
capacitance and/or impedance are observed as changes in the resistance and/or capacitance and/or 
60 impedance recorded by the measuring means 6. 50 
Referring now to Figure 2 of the drawings there is shown (in plan view) an insulating substrate 1 (e.g. 
an alumina ceramic tile) upon which is formed a first electrode 2 (e.g. of gold), a gas sensitive material 
layer 3 comprising a gas sensitive material in accordance with the present invention and a second elec- 
trode 4 (e.g. of gold). 

65 A parallel plate sensor as shown in Figure 2 may be fabricated by applying the first electrode 2 (e.g. of 65 
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25 



gold) to the insulating substrate 1 (e.g. by screen printing or sputtering), forming a gas sensitive material 
layer 3 by deposition, for example by screen printing or doctor-blading, from a suspension or a colloidal 
dispersion and firing at a temperature in the range 450 - 950°C to promote adhesion and mechanical 
integrity) and forming a second electrode 4 (e.g. of gold) on the gas sensitive material layer 3, (e q bv 
5 screen printing or sputtering). 1 y ' y 

To facilitate understanding of the construction of the sensor of Figure 2 reference may be made to 5 
Figure 2a which shows a parallel plate sensor of the type shown in the Figure 2 partially completed inas- 
much as the second electrode 4 has not been formed. Figure 2a thus shows the insulating substrate 1 
the first electrode 2 and the gas sensitive material layer 3 and it can be seen that the portion of the first 
10 eksctrode 2 covered by the gas sensitive material layer 3 may extend in area to substantially the same 

extent as the second electrode 4. '10 

In operation the first electrode 2 and second electrode 4 are connected to an electrical measuring 
means (not shown) for measuring the resistance and/or capacitance and/or impedance of the gas sensi- 
tive material layer 3 and the sensor is contacted with a gas or gaseous mixture. The resistance and/or 
15 capacitance and/or impedance is measured by the electrical measuring means and changes in the com- 
position of the gas or gaseous mixture which result in a change of resistance and/or capacitance and/or 
impedance are observed as changes in the resistance and/or capacitance and/or impedance recorded bv 
the measunng means. y 

Referring now to Figure 3 there is shown (plan view) an insulating substrate 1 (e.g. an alumina ceramic 
20 tile) upon which are formed electrodes 2 and 3 (e.g. both of gold), and a gas sensitive material layer 4 
(compnsing a gas sensitive material in accordance with the present and 3. It will be seen from the lines 
shown in dotted form in Figure 3 the portions of the first electrode 2 and second electrode 3 covered bv 
the gas sensitive material layer 4 are interdigitated. 

The first electrode 2 and the second electrode 3 may be provided on the insulating substrate 1 by anv 
25 suitable method. For example the methods disclosed for providing electrodes 2 and 4 in the parallel plate 
sensor described hereinbefore with reference to Figure 2 and Figure 2a may be used. 

The gas sensitive material layer 4 shown in Figure 3 may be prepared by any suitable method. For 
example the methods disclosed for preparing gas sensitive material layer 2 in Figure 2 and Figure 2a 
may be used. 

30 Referring now to Figure 4 of the drawings there is shown a diagrammatic representation in cross-sec- ™ 

tion of a gas sensor having an insulating substrate 1, electrodes represented as 2, a dielectric layer 3 and 

a gas sensitive material layer 4. 
The electrodes 2 and the layers 3 and 4 may be prepared by any suitable method. Thus, for example 

screen printing or sputtering or photolithography and etching may be used as is appropriate 
35 Referring now to Figures 5 to 1 1 of the drawings there are shown respectively the response (as change 35 

of resistance) of WNbA, BaTiO, BaJ^NbAo, Ba^FeNbO^ FeMoO. Ba^n 28 Cr, ,0. and Ca„La 09 Fe03 gas 

sensitive materials in the presence of the gases and gaseous mixtures indicated. 

CLAIMS 

40 ^ 

1. A sensor suitable for use in a gas or gaseous mixture which sensor includes a gas sensitive mate- 
rial (as hereinbefore defined) which is capable of exhibiting a response in the form of an increase or a 
decrease in an electrical property of the material in the presence of a first gas and which is capable of 
exhibiting an opposite response in the presence of a second gas. 
45 2. A sensor as claimed in Claim 1 wherein the gas sensitive material is provided with two or more 45 
electrodes in communication with the said gas sensitive material and said gas sensitive material is ar- 
ranged so as to be capable of being contacted with a gas or gaseous mixture. 

3. A sensor as claimed in Claim 1 or Claim 2 wherein the gas sensitive material is such as to give a 
response in the presence of a chosen gas and an opposite response in all other gases likely to be en- 

50 countered in a given situation. 

4. A sensor as claimed in any one of the preceding claims wherein the electrodes are in direct com- 
munication with the gas sensitive material be being in contact therewith. 

5. A sensor as claimed in any one of the preceding claims wherein the sensor indicates a temperature 
sensing means. 

55 6. A sensor as claimed in any one of the preceding claims wherein the sensor includes a heatina w 
means. 

7. A sensor as claimed in any one of the preceding claims wherein the gas sensitive material com- 
prises 

WNb^O,, BaTiO v LiFeSn0 4 . KTaWO^ 
60 Ba^Nb* O3* Ba^FeNbA* FeMoO*, ^ 
BaSn„Cn.A, TiNb>0„ 
CuNbA^aSnjeAI.A, 
ZrO,(3 mole % Y,0,), 
CauLa^FeO* BaTi^Sn^Oa, 

65 BaSn 97l Ce 0J O 3 . 65 
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8. A method for effecting determination in a gas or gaseous mixture which comprises contacting a 
sensor with the gas or gaseous mixture and measuring the electrical response of the sensor, said sensor 
including a gas sensitive material which is capable of exhibiting a response in the form of an increase or 
a decrease in an electrical property of the material in the presence of a first gas and which is capable of 

5 exhibiting an opposite response in the presence of a second gas. 5 

9. A method as claimed in Claim 8 wherein two or more electrodes are provided in communication 
with the said gas sensitive material, and the gas sensitive material and the electrodes are in contact with 
the same gas or gaseous mixture. 

10. A method as claimed in Claim 8 or 9 wherein the gas sensitive material has porosity to give sur- 

10 face area for contact with a gas or gaseous mixture when in use. 10 

11. A method as claimed in any one of Claims 8, 9 or 10 wherein the resistance of the sensor is 
measured. 

12. A method as claimed in any one of Claims 8, 9 or 10 wherein the capacitance of the sensor is 
measured. 

15 13. A method as claimed in any one of Claims 8, 9 or 10 wherein the impedance of the sensor is 15 
measured. 

14. A method as claimed in any one of Claims 8 f 9, 10, 11, 12 or 13 wherein the sensor detects H* 
CaH* NH3, C0 2 , 0* CaHa, CH<, CO, Cl 2 , NO* SO* or HjS. 

15. A sensor substantially as hereinbefore described with reference to any one of the Figures 1, 2, 2a, 

20 3 or 4 of the accompanying drawings. 20 

16. A method for preparing a sensor substantially as hereinbefore described with reference to any 
one of the Figures 2, 2a, 3 or 4 of the accompanying drawings. 

17. A method for effecting determination in a gas or gaseous mixture substantially as hereinbefore 
described with reference to any one of the Rgures 1, 2, 2a, 3 or 4 of the accompanying drawings. 
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